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## 0. Why learn Python?
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"Fis E Vew imset Col Kernol  Widgets  Help

B + X 20 4% NEC Coe s o

- addition
- subtraction
- multiplcation
/ division or floor division (see below)
/! floor division (also known as integer division)
exponent (Note: the opearator ° i not an exponential operator!)

modulus (returns the remainder upon dividing the lefi-hand operand by the right-hand operand)

In [2]: (143)%(6-4)%*3

Out[2]: 32

I In [ 1: (V)

Numbers can have different numeric types. Integer numbers (such as 2, -9 and 0) have type int. Numbers with a decimal (such as 13.4, 4.0 and -12.2)
have type £1oat. You can also read about long integers and complex numbers, but we won't use them in this course. Python can determine the number's type
without being explicitly told.

Booleans (variables that take one of two possible values) are a subtype of integers.

e
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| Jupyter psi2018-2019_programminginpython_template 2 (unsaved changes)

Kernel Widgels Help
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- Iddl!ﬂ;
- subtraction
muftiplication
division or floor division (see below)
floor division (also known as integer division)
exponent (Note: the opearator ° is not an exponential operator!)

modulus (returns the remainder upon dividing the lefi-hand operand by the right-hand operand)

In [2]: (143)%(6-4)**3

Out[2]: 32

In [3]:
Out[3):

Numbers can have different numeric types. Integer numbers (such as 2, -9 and 0) have type int. Numbers with a decimal (such as 13.4, 4.0 and -12.2)
have type float. You can also read about long integers and complex numbers, but we won't use them in this course. Python can determine the number's type
without being explicitly told.

Meclacas boadeblas db b dl.s ~ oo ~Ba - -l
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_ Jupyter psi2018-2019_programminginpython_template 2 (unsaved changes)
‘h Bl Vw Insert Cell Kernel Widgets Help

B+ X Q0B 4+ v N EC Mrdown 9@
e _— exponent (Note: the operator * s not an exponential operator!)
1 modulus (returna the remainder upon dividing the lefi-hand operand by the right-hand operand)

In [2]: (143)*(6-4)**3
Out[2]: 32

In [3]: 95

Oout[3]: 4
In [4]):

out[d]: 1

Numbers can have different numeric types. Integer numbers (such as 2, -9 and 0) have type int. Numbers with a decimal (such as 13.4, 4.0 and -12.2)
have type £1oat. You can also read about long integers and complex numbers, but we won't use them in this course. Python can determine the number’s type

without being explicitly told.

Booleans (variables that take one of two possible values) are a subtype of integers.
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In [2]2
Out[2]):

In [3)2
Out[3]:

In [4]:
Out[4d]:

In [S]:
Out[5]:

In [6]:
Out[6]:

Pirsa: 18080024

(143)*(6-4)**3
12

3.0/2
1.5

3.0//2

1.0

Numbers can have different numeric types. Integer numbers (such as 2, -9 and 0) have type int. Numbers with a decimal (such as 13.4, 4.0 and -12.2)
have type £1oat. You can also read about long integers and complex numbers, but we won't use them in this course. Python can determine the number's type
without being explicitly told.

e | X
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B ¢+ X Q0 ++ HNEC Mom @

In{ )2

2.1. Printing

i we enter several numencal expressions on different lines of the same cell, only the last line will be displayed.

In [7]: 2+2
4-6

out[7): -2

!
Use the print (x) function to display the value of the expression x. In Python 2, use print without an argument to print an empty line. In Python 3, use }
print () to print an empty line. |

In[ ]:

2.2, Variables and comments

Store values in a variable using the equal sign.

Use comments to document your code. Any text following a # character on a line will not be interpreted by Python and will thus not affect the code's output

Pirsa: 18080024 Page 20/112
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Use the print (x) function to display the value of the expression x. In Python 2, use print without an argument o print an
empty line. In Python 3, use print () to print an empty line.

In [10]: print( 2+2 )
print #print() in Python 3
print (4-6)

4

2.2. Variables and comments
Store values in a variable using the equal sign.

Use comments to document your code. Any text following a # character on a line will not be interpreted by Python and will thus
not affect the code's Qutput.
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4

-2

2.2. Variables and comments
Store values in a variable using the equal sign.

Use comments to document your code. Any text following a # character on a line will not be interpreted by Python and will thus
not affect the code's output.

2.3. Strings

In addition to numbers, you can store and manipulate strings of characters. You can use either single or double quotes to
define a string.
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n = 5 Foeagnc
print( w*h )

50

2.3. Strings

In addition to numbers, you can store and manipulate strings of characters. You can use either single or double quotes to
define a string.

Pirsa: 18080024

Use the format method to get formatted strings, which are often useful for displaying output in a nice way

Exercise: Write code that takes a variable storing a circle's radius and prints its area. For example, when r= 5. you should print:

The araa nf tha circla ia TR 53975
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n = > rFoeignt

print( w*h )
50

2.3. Strings

In addition to numbers, you can store and manipulate strings of characters. You can use either single or double quotes to
define a string.

wordl = “"Hello"
word2 = “"world"
sentence = wordl + word2 #concatenate using ‘+°
print (sentence)

Helloworld

Use the format method to get formatted strings, which are often useful for displaying output in a nice way
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n = > Foeignc

print( w*h )
50

2.3. Strings

In addition to numbers, you can store and manipulate strings of characters. You can use either single or double quotes to

define a string.

In [13]): wordl = “"Hello"
word2 = “world"
sentence = wordl +
print (sentence)

+ word2 #concatenate uaing ‘+'

L = len()

Hello world

Use the format method to get formatted strings, which are often useful for displaying output in a nice way

| u! - A Y fj o) "—— C - GiNa | | P n _-”l‘.

Pirsa: 18080024

-

Page 25/112



| Pecgie  Windbe Vel
_‘:_ % N T mD0W 0 pugremessy ¥

RERRTYS- 20N oGy ihon termpaase D gD
- _ (seacat Peie Qovee Phumge [ ekalop i § PR W D styeces

R s
i :JUPYtET psi2018-2019_programminginpython_template_2 (unsaved changes)
Fle ER View Insen Cel Kermel  Widgets Help

B+ X 20 4+ % N B C Coe g =

In [14]: wordl = “Hello"
word2 = “"world"
sentence = wordl +
print(sentence)

+ word2 #concatenate using ‘+°

L = len( sentence )
print (L)

Hello world
11

Use the format method to get formatted strings, which are often useful for displaying output in a nice way

Exercise: Write code that takes a variable storing a circle's radius and prints its area. For example, when r=5, you should print:

The area of the circle is 78.53975.
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In [14): wordl = “"Hello®
word2 = “world"
sentence = wordl +
print (sentence)

+ word2 #concatenate using 't

L = len( sentence )
print (L)

Hello world
11

Use the format method to get formatted strings, which are often useful for displaying output in a nice way

name = “Lauren”

x =0

y = 3.2

print( "The coordinates of {} are ({},{})".format(name,x,y) )

E:erclu: Write code that takes a variable storing a circle's radius and prints its area. For example, when r=5, you should pnm;
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L = len( sentence )
print (L)

Hello world
11

Use the format method to get formatted strings, which are often useful for displaying output in a nice way

In [15): name = “Lauren”
x =0
y = 3.2
print( “The coordinates of ()} are ({},{})".format(name,x,y) )

The coordinates of Lauren are (0,3.2)

Exercise: Write code that takes a variable storing a circle's radius and prints its area. For example, when r=5, you should print: ;
The area of the circle is 78.53975. ’
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L = len( sentence )
print(L)

Hello world
11

Use the format method to get formatted strings, which are often useful for displaying output in a nice way

In [15]: name = “Lauren”
x =0
y = 3.2
print( “The coordinates of {} are ({},{})".format(name,x,y) )

The coordinates of Lauren are (0,3.2)

Exercise: Write code that takes a variable storing a circle's radius and prints its area. For example, when r=5, you should print:

The area of the circle is 78.53975.
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In [15]: name = “Lauren”
XxX=0
y = 3.2
print( "The coordinates of {} are ({},{})".format(name,x,y) )

The coordinates of Lauren are (0,3.2)

Exercise: Write code that takes a variable storing a circle's radius and prints its area. For example, when r=5, you should print:

The area of the circle is 78.53975.

TG

2.4. Lists

Python has several data types available for grouping data together. The hrs: one that we will see is the 1ist. To define a list,

o m———— e e A e e s b i SRR R S RS R R A T

e T e | —ILAR o el s e L
|__“_%
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Exercise: Write code that takes a variable storing a circle's radius and prints its area. For example, when r=5, you should print:

The area of the circle is 78.53975.

e g p g o O
print(‘'The area of the circle is {}'.format(r+*+2 = 1.14))

The area of the circle is 7B.5

2.4. Lists

Python has several data types available for grouping data together. The first one that we will see is the 1ist. To define a list,
use square brackets with comma-separated values. The elements of a list can be of the same type or of different types. Lists
can even contain other lists.

Some useful functions and methods for 1ists are:

list function/method Description

Pirsa: 18080024 Page 31/112
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Python has several data types available for grouping data together. The first one that we will see is the 1ist. To define a list,
use square brackets with comma-separated values. The elements of a list can be of the same type or of different types. Lists

can even contain other lists.
Some useful functions and methods for 1ists are:

list function/method Description

+ concatenates lists

len(list) outputs the 1ist length

min(list) outputs the smallest itern in 1iat
max(list) outputs the largest item in list
list.append(x) adds a new item x to the end of 1iat
list.sort () sorts the elements of 1ist

sorted(list) return a new sorted list with the elements of 1ist
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print( A )
print( B )

(4, 12, -2]
(O Wy Qards [y S0
In [22]: A+B

SIEEEN [(Qp Ry, =2, 0f, Oy Oard (G

In [23): max(A)
Out[23]: 12

2.5. Indexing and slicing

Both strings and lists can be indexed. The first element always has index 0.

You can also use negative indices to index elements counting from end.
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In [22): A+B
o (Ol oz M0 W Oerde (O B0

In [23): max(A)
Out[23]): 12

In [26]: A.append(3)
print( A )

A.append(B)
print( A )

(4, 12, -2, 3, 3, [‘a', 0, 4.2, [4, 5]], 3]
Qe Ay =2y 3y 3y Yy Wy Qazdy Dy DIy 2l 1787, Wy Lozl 18 Sn)iyg

— 0

2.5. Indexing and slicing

Both strings and lists can be indexed. The first element always has index 0.
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In [30): A.append(3)
print( A )

A.append(B)
print( A )

[4' 12' -'2' 3]
[4. 12; ‘2' 3: ['ﬂ.', ol 4‘2l lql 5]]'

In [32]: C = [6,-2.45, 12.3, =-203)
print( C )
D = sorted(C)
print( D )

(=N S L2 E =2 03]
=705, =3:{Cy, (3, lazh

2.5. Indexing and slicing
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[6, -2.45, 12.3, -203]

(6, -2.45, 12.3, -203)
=08y, =z{6 Gr 3kaEn

(E203 =25 4S 60 12531

2.5. Indexing and slicing
L]

Both strings and lists can be indexed. The first element always has index 0.

You can also use negative indices to index elements counting from end.
5 S0y Wy Darde (g )

Use slicing to get a subset of your list or string.
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2.5. Indexing and slicing

Both strings and lists can be indexed. The first element always has index 0.

You can also use negative indices to index elements counting from end.

In [38): B = ["a", 0, 4.2, [4,5] ]

print( B[0] ) #print the first character
print( B[-1] ) #print the last character
print( B[-4] ) #print the fourthnlast character
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2.5. Indexing and slicing

Both strings and lists can be indexed. The first element always has index 0.

You can also use negative indices to index elements counting from end.

In [41): B = ["a", 0, 4.2, [4,5] ]

print( B[0] ) #print the first character
print( B[-1] ) #print the last character
print( B[-4] ) #print the fourth last character

print( B[3][1] )

a
[4, 5]
a
5

Use slicing to get a subset of your list or string.
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print( B[0] ) #print the first character
print( B[-1] ) #print the last character

print( B[-4) ) #print the fourth last character
print( B[3][1] )

a
[4, 5]
a
5

Use slicing to get a subset of your list or string.
In [42): s = “"abcdef”
print( s[1:4) )

bed

Exercise: Given the list below, use slicing to display its elements in reverse order
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print( B[-4]) ) #print the fourth last character

print( B[3][1] )

a
(4, 5]
a
5

Use slicing to get a subset of your list or string.

In [44]: s = "abcdef”
print( s[1:4) ) #print from index 1 to 4 (1 included, 4 excluded)
print( s[4:] ) #last index defaults to the length of the string
print( 8[:3] ) #first index defaults to zero

bed
ef
abc

| I ﬁ_l_. . Exercise: Given tha list balow. use slicina to disnlav its elements in reverse order

~
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s = “abcdef”

print( s[1:4) ) #print from index 1 to 4 (1l included, 4 excluded)
print( s[4:] ) #last index defaults to the length of the string
print( s[:3) ) #first index defaults to zero

#Optional third slicing argument 1s the step size:
print( s[1:4:2] )

bed
ef
abc
bd

Exercise: Given the list below, use slicing to display its elements in reverse order

A-['a.,'b".cl,‘d|"e"'f‘] ]

An important difference between lists and string is that lists ar mutable (can be changed), while string are immutable (cannot be

changed).

The ANV cbabscncmd com be o bda dalabe Baaeo I _ ti_a
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print( s[:3) ) #first index defaults to zero

#Optional third slicing argument is the step size:
print( s[1:4:2] )

bed
ef
abc
bd

Exercise: Given the list below, use slicing to display its elements in reverse order
In [‘s’: A-I'a".b.,.c"ld‘,lﬁ.'.fl]
print( A[::-1] )

MYy 0Ny MRy Ve Ve YO

An important difference between lists and string is that lists ar mutable (can be changed), while string are immutable (cannot beT
changed). \
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print( A[::-1] )

[Ifl' lel' Id’, |c|' Ib!‘ ‘n..]

An important difference between lists and string is that lists ar mutable (can be changed), while string are immutable (cannot be
changed).

The del statement can be used to delete items from a list.
S5y Wy e ((KES)) )
8 = “"abcdef”

Exercise: Given the string s below, use indexing arid/or slicing to generate a new string ss that is the same as s but with the
first letter changed to b.

In [11]: 8 = “"abcdef”
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print(B)

del B[1:3)
print(B)

['b", 0, 4.2, [4, 5]]
('d*, (4, S]]

In [S51]): s = “"abcdef”
8[0] = 'b' #generates an error

TypeError Traceback (most recent call last)
<ipython-input-51-2fd3ibcf5a2ad> in dule> ()

1 8 = "abedetf”
----> 2 8[0] = 'b’

TypeError: 'str' object does not support item assignment

Exercise: Given the string s below, use indexing and/or slicing to generate a new string ss that is the same as s but with the
first latter chanoed to b.
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n (S0 b= [fa®, 0, 4.2, [4,5] 1]
B[0] = “b"
print(B)

del B[1:3)
print(B)

(5, O Os22s (e S0
['D', [4, 5]]

L

Tusted # |Python2 O

In [51): s = “"abcdef®
a[0] = 'b' #generates an error

- - —

TypeError Traceback (most recent call last)
<ipython-input-51-2fd3ibcf5azad> in “()

1 8 = "abcdef”
-===> 2 8[0] = 'b’

TypeError: 'str’' object does not support item assignment
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In [11]): 8 = “"abcdef”

2.6. Dictionaries

Dictionaries are another mutable data type in Python. Unlike a 1ist, which is indexed by a range of numbers, a dict is
indexed by keys that you define. Each key can be a string, a number, or any other immutable type. You can think of a dictionary
as a mapping.

You can read about other available data structures such as tuples and sets, but we won't use them in this course.

2.7. Other useful Python tools
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In [11): s = "abcdef”

2.6. Dictionaries

Dictionaries are ancther mutable data type in Python. Unlike a 1ist, which is indexed by a range of numbers, a dict is
indexed by keys that you define. Each key can be a string, a number, or any other immutable type. You can think of a dictionary
as a mapping.

TAR(SI] R DEsE{ A bl el a sl a0/, 41200}
print (D)

0P Wy C0=mte YoV, OO o,

You can read about other available data structures such as tuples and sets, but we won't use them in this course.
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first letter changed to b.

In [11]): s = “"abcdef”

2.6. Dictionaries

Dictionaries are ancther mutable data type in Python. Unlike a 1ist, which is indexed by a range of numbers, a dict is
indexed by keys that you define. Each key can be a string, a number, or any other immutable type. You can think of a dictionary
as a mapping.

TOR(I55)]ERED R S a Boids be A, S a0/, 3125
print (D)
print( D["a"] )
print( D.keys() )

900 0 YosmMs S0t O e
0
(Rrat i aboiy = d)]
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In [11): s = “"abcdef”

2.6. Dictionaries

Dictionaries are another mutable data type in Python. Unlike a 1ist, which is indexed by a range of numbers, adict is
indexed by keys that you define. Each key can be a string, a number, or any other immutable type. You can think of a dictionary
as a mapping.

INN[S5]= D= Sabostnas, s casi0, 4312 )
print (D)
print( D["a"] )
print( D.keys() )

D[ “new key"]
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indexed by keys that you define. Each key can be a string, a number, or any other immutable type. You can think of a dictionary
as a mapping.

In [S56): D = { “"abc":"a", "a":0, 4:2 }
print (D)
print( D["a"] )
print( D.keys() )

D["new key"] = 13 #add a new item to the dictionary
print( D )

You can read about other available data structures such as tuples and sets, but we won't use them in this course.

2.7. Other useful Python tools
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In [S6): D = { "abc":"a", "a":0, 4:2 )
print (D)
print( D["a"] )
print( D.keys() )

D["new key“] = 13 #add a new item to the dictionary
print( D )

At ]
Ll 4] ~

‘newiXey i1 A bots i a it g s )]

You can read about other available data structures such as tuples and sets, but we won't use them in this course.

2.7. Other useful Python tools
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You can read about other available data structures such as tuples and sets, but we won't use them in this course.

2.7. Other useful Python tools

type

Use the type function to output a value's type.

I L]

range

The range function can be used to generate lists that contain sequences of numbers.

In [12]): #With one argument, range(stop) gives a sequence of integers from 0 to
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type
Use the type function to output a value's type.

In [57]: type(4.2)

Out[57): float

In [58): type([3,4,5])

Out[58]: list

In [59]): A = [3,4,5]
type( A[O] )

Out[59]: int
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. In [58): type([3,4.,5])
Out[58]: list
In [S9): A = [3,4,5)
type( A[0] )
Out[59]: int

range

The range function can be used to generate lists that contain sequences of numbers.

In [12]: #With one argument, range(stop) gives a sequence of integers from 0 to stop-1:
print( range(12) )

#With two arguments, range(start,stop) gives a sequence of integers from start to Stop-1

#An optional third argument is the step size:
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#An optional third argument is the step size:
print( range(2, 12, 5) )

0y e 2y 2y Og Sy Gy Uy By B 3y abh]
i 2 O By Gy Yy &y Yy 20y 3bhy
(2, 7)

import and time

Often, we will want to use a package or module that is not included by default. In this case we can use the import command

to import packages, functions, modules or submodules.

One such useful module is called time and can be used for timing how long code takes to run.
§

In [13]: dmport time #import the time module

3. Control structures
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#An optional third argument is the step size:
print( range(2, 12, 5) )

() 2y Pzl Ll K G Un Gy Gy 2y, by
(2734 5 67,8, 9,10, 11]
(277

import and time

Often, we will want to use a package or module that is not included by default. In this case we can use the import command
to import packages, functions, modules or submodules.

One such useful module is called time and can be used for timing how long code takes to run.

In [13]): import time #import the time module

A= [4,2,8]
B =[1,2,3]
C = A+p|
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#An optional third argument 1is the step size:
print( range(2, 12, 5) )

[0 23 e By Sy 2y abhy
74 2 Uo S, 10, 117
(2, 71

import and time

Often, we will want to use a package or module that is not included by default. In this case we can use the import command
to import packages, functions, modules or submodules.

One such useful module is called t ime and can be used for timing how long code takes to run.

In [13]: import time #import the time module
tl = time.time() |

A= [4,2,8]
B=11.2.31
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Often, we will want to use a package or module that is not included by default. In this case we can use the import command
to import packages, functions, modules or submodules.

One such useful module is called time and can be used for timing how long code takes to run.

In [63]): import time #import the time module

tl = time.time() #get the initial time (in §econdn)

A= [4,2,8)]
B=11,2,3]

C = A+B

t2 = time.time() #get the final time

print( "Elapsed time: {)} seconds".format(t2-tl) )

Elapsed time: 0.000149011611938 seconds
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3. Control structures

3.0. if statement

An if statement is used if we want to execute some section of code only if some conditional expression Is true.
For example, the code segment

if x:
print(“Hello")

will print Hel1lo only if the truth value of x is true.

The truth value of x is false if it is'has the value None, False, zero (of any numeric type), or if it is empty (or example, if it is an
empty list, string or dictionary). Otherwise, the truth value of x is true.
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An if statement is used if we want to execute some section of code only if some conditional expression is true.
For example, the code segment

if x:

{ print(“Hello")

will print Hel1lo only if the truth value of x is true.

The truth value of x is false if it is has the value None, False, zero (of any numeric type), or if it is empty (or example, i
empty list, string or dictionary). Otherwise, the truth value of x is true.

Examples of conditional expressions are:

COndnbonul expressions Descnphon

aorb logical OR
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Hello

Examples of conditional expressions are:

Conditional expressions Description

aorb log|c;F dH

a and b logical AND

not a logical NOT

a<b less than

a <= b less than or equal to
a>b greater than

a >= greater than or equal to

a == b equal

The if statement can be combined with one or more optional e1if (else-if) statements and one optional else statement.
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B Run Cells and Insert Below
In [14]: a=5

b=15.6 i

c=0 Run All Above

Run All Below

if a+b < 10:
c=b
print( “H Cell Type
elif a = 2:
c=a
print( "H Current gutputs Toggle
elif b>a: All Output Toggle Scrolling
p;‘int( “Hu: ’
else:
print( "Bye"“ )

Clear

print(“c={}".format(c))

Hello
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In [68B]: a=5
b=15.6
c=0

if a+b < 10:

c=b

ErATt (R H AL
elif a 1= 2:

c=a

print( “"Hello" )
elif b>a:

print( “Hey" )
else:

print( “Bye" ) q

print(“c={}".format(c))

Hello
c=5

Note: The if statement is the first place where we can see how whitespace is interpreted in Python. In other languages, blocks ]
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removed). In Python, however, indents are necessary within the blocks.

3.1. for loop

A for loop can be used to iterate over the items of a sequence.

A=

3.2. while loop

In addition to a for loop, a while loop can be used to repeat sections of code. The while loop

while x:
[while block]

will repeatedly execute the while body as long as the condition x is true.
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In [70): A = [ 'b', 10, 8.25 ]

for i in A:
print(i)

b
10
8.25

In [71): for num in range(8,14):
print(num)

8
9
10
11
12
13

### 3.2. "'while’ loop
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In addition to a for loop, a while loop can be used to repeat sections of code. The while loop

while x:
[while block]

will repeatedly execute the while body as long as the condition x is true.

In [72]): a = 10

while a>0:
print(a)
a = a=2
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3.3. Defining functions

Use the keyword def to define your own function. This function can then be called from other parts of your code. Optionally,
your function can accept one or more input parameters. As another option, you can use a return statement to return one or
more values from your function.

I In [15): #Function with no input parameters:

In [16]: #Function with two input parameters:

In [17): #Function with one input parameter and two return
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3.3. Defining functions

Use the keyword def to define your own function. This function can then be called from other parts of your code. Optionally,

your function can accept one or more input parameters. As another option, you can use a return statement to return one or
more values from your function.

In [73): #Function with no input parameters:
def printHello():
print(“Hello!")

printHello()

Hello!

In [16]: #Function with two input parameters:

In [17): #Function with one input parameter and two return values:
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3.3. Defining functions

Use the keyword def to define your own function. This function can then be called from other parts of your code. Optionally,
your function can accept one or more input parameters. As another option, you can use a return statement to return one or
more values from your function.

In [73): #Function with no lnput parameters:
def printHello():
print(“Hello!")
printHello( )
Hello!

In [16]: #Function with two input parameters:

#Function with one input parameter and two return values:
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In [73): #Function with no input parameters:
def printHello():
print(“Hellol")

printHello()

Hello!

In [16]): #Function with two lInput parameters:

In [17): #Function with one input parameter and two return values:

3.4. List comprehension

List comprehension can be used to build lists in a concise way. A list is built using at least one for clause as well as optional
if clauses.
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In [73): #Function with no input parameters:
def printHello():
print(“"Hellol")

printHello()

Hello!

In [16): #Function with two input parameters:
def get c(a,b):
C = 5% - b

#Function with one input parameter and two return values:

3.4. List comprehension

List comprehension can be used to build lists in a concise way. A list is built using at least one for clause as well as optional

1 & mlansmen
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In [74): #Function with two input parameters:
def get c(a,b):
C = 5%3 - b
print(c)

get c(1,2)
get c(4.3,-2)

3
23.5

l;In [17): #Function with one input parameter and two return values:

3.4. List comprehension

List comprehension can be used to build lists in a concise way. A list is built using at least one for clause as well as optional
if clauses.
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In [74): #Function with two input parameters:
def get c(a,b):
C = 5%"a - b
print(c)

get _c(1,2)
get c(4.3,-2)

3
235

In [17): #Function with one input parameter and two return values:
def getElements(x):
return x[0], x[3]

a,b = getElements( [[] )

3.4. List comprehension

List comprehension can be used to build lists in a concise wav. A list is built usina at least one for clause as well as ootional
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€ = 5% - Db
print(c)

get_c(1,2)
get_c(4.3,-2)

3
23.5

#Frunction with one input parameter and two return values:
def getElements(x):
return x[0], x[3]

a,b = getElements( [6,9,10,15,16] )

3.4. List comprehension

List comprehension can be used to build lists in a concise way. A list is built using at least one for clause as well as optional
if clauses.

Pirsa: 18080024 Page 76/112



e  Peie  Window D
- Jsaﬁsm._m._“u_ st

W T mO0W IO pugremeeg ¥

ORsoasal TS TN prorarmnroy 1WW fempiate Dot
o Peoswe  (seacat P Qorw §hmege O vstetme QP W O swsoes
N el A M—— e

* T Jupyter psi2018-2019_programminginpython_template_2 rsaved changes
r File EdR  View Insert Cell Kernel Widgets Help

-Eh + ¥ O 0 44 v M B C Makdown 9~

R

3
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In [77): #Function with one input parameter and two return values:
def getElements(x):
return x[0], x[3]

a,b = getElements( [6,9,10,15,16] )
print( a )
print( b )

6

3.4. List comprehension

List comprehension can be used to build lists in a concise way. A list is built using at least one for clause as well as optional
if clauses.
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3.4. List comprehension
List comprehension can be used to build lists in a concise way. A list is built using at least one for clause as well as optional
if clauses.

L = [i for' i in range(10)]
print( L )

(0., 1, 2, 3, 4, 5, 6, 7, 8, 9]

Exercise: Given the list A below, use list comprehension to get a new list containing the squares of the even elements of A. I

—

In [18]: A = [8,62,11,12,33,65]

We can also study list comprehension examples with two for clauses:
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3.4. List comprehension

List comprehension can be used to build lists in a concise way. A list is built using at least one for clause as well as optional
if clauses.

In [79]): L = [i for i in range(10)]
print( L )

(o, 1, 2, 3, 4, 5, 6, 7, 8, 9]

A= [7,-8,2,20]
B = [a*2 for a ]

Exercise: Given the list A below, use list comprehension to get a new list containing the squares of the even elements of A

In [18]: A = [8,62,11,12,33,65)
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List comprehension can be used to build lists in a concise way. A list is built using at least one for clause as well as optional
if clauses.

In [79]: L = [i for i in range(10)]
print( L )

(e Ay He 2y Uy Oy B Un Gy U0
In [81): A = [7,-8,2,20)

B = [a*2 for a in A if a>0]
print( B )

[14, 4, 40]

r Exercise: Given the list A below, use list comprehension to get a new list containing the squares of the even elements of A.

In [18]): A = [B,62,11,12,33,65]

Wie e sl mbosedis limd : ol casibbe dviim £ o sl s
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In [19]): A = [3,4)
B = [4,7,11)

List comprehension can be much faster than appending to a list.

In [20): t1 = time.time.l()
#Append to a list:
t2 = time.time() #get the time at the end (in seconds)

print(“Elapsed time: {} seconds”.format(t2-tl) )

Elapsed time: 0.0007B7019729614 seconds

tl = time.time()

#Use list comprehension:

t2 = time.time() #get the time at the end (in seconds)
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In [20]: tl = time.time()

#Append to a list:
=)
for i in range(10*+*7):

L.append(i)|
1

t2 = time.time() #get the time at the end (in seconds)

print (“Elapsed time: {} seconds".format(t2-tl) )

Elapsed time: 0.000787019729614 seconds

In [21]: tl1 = time.time()
#Use list comprehension:
t2 = time.time() #get the time at the end (in seconds)

print(“Elapsed time: {} seconds®.format(t2-tl) )
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print(“Elapsed time: {} seconds”.format(t2-tl) )

Elapsed time: 1.53906798363 seconds

tl = time.time()

#Use list comprehension:
L =[1i for i in range(l10++7)]

t2 = time.time() #get the time at the end (in seconds)

print(“"Elapsed time: {} seconds”.format(t2-tl) )

Elapsed time: 1.12796211243 seconds

4. The NumPy package

Here we will explore some of the scientific computing functionality available through the NumPy package.

P A
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print (“"Elapsed time: {} seconds”.format(t2-tl) )

Elapsed time: 1.12796211243 seconds

4. The NumPy package

Here we will explore some of the scientific computing functionality available through the NumPy package.

Whenever we want to use NumPy, we must first import it. A standard convention is to import it under the name np.

import numpy as np

4.0. Arrays

The most common objects in NumPy are single- or multi-dimensional arrays. Arrays are tables of values that all have the same
type. Here we will only consider arrays of numbers.

There are various functions available for creating NumPy arrays.
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Whenever we want to use NumPy, we must first import it. A standard convention is to import it under the name np.

In [84]): import numpy as np

4.0. Arrays

The most common objects in NumPy are single- or multi-dimensional arrays. Arrays are tables of values that all have the same
type. Here we will only consider arrays of numbers.

There are various functions available for creating NumPy arrays.

I In [23)]: #Create arrays from other data structures such as lists:

In [24]): #Use np.zeros to create arrays of zeros of different sizes and dimensions.
#Similarly, use np.ones to create arrays of ones.

In [25]: #Use np.arange to create arrays containing sequences of numbers (similar to range for lists)
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type. Here we will only consider arrays of numbers.

There are various functions available for creating NumPy arrays.

#Create arrays from other data structures such as lists:
A = np.array( [5,-2,13] ) #1D array

print( A )

print

B = np.array( [[5,-2,13], [2,2.2, 3.6]] ) #2D array
print( B ) ]

((5'=2 13]

(B =Fs 3 )
57 )

In [24): #Use np.zeros to create arrays of zeros of different sizes and dimensions.
#Similarly, use np.ones to create arrays of ones.

In [25]): #Use np.arange to create arrays containing sequences of numbers (similar to range
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In [89): #Use np.zeros to create arrays of zeros of different sizes and dimensions.

#Similarly, use np.ones to create arrays of ones.

np.zeros(3)

Out[89): array([0., 0., 0.])

In [90): np.zeros((6,5))

Out[9S0])z array ([[l0~, 0<5 0<,; 0., 0.,
1027 Moy Worn Wap M2
Wy, Oor, Ong Oor Czily
0o, Wor Wor Oon W)
(Mer Wopy Wan War Doy,
10y Warn Warn Wary Bo)))

In [25]: #Use np.arange to create arrays containing sequences of numbers (similar to range for lists) ‘

In [26): #Use np.linspace get an array of linearly spaced numbers between given endpoints
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In [89): #Use np.reros to create arrays of zeros of different sizes and dimensions.
#Similarly, use np.ones to create arrays of ones.

np.zeros(3)

Out[89): array([0., 0., 0.])

In [91): np.ones((6,5))

outlS T tarray ([l L R LA | 17
(lap Aoy alay ey Aoy
[0le e Alpp Aoy Agp gy,
(Glsr, 3o op Hop o)y,
(1o Moy Moy ey, gy,
(s g 3oy ey Aep As)i))

#Use np.arange to create arrays containing sequences of numbers (similar to range for lists)
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In [25): #Use np.arange to create arrays containing sequences of numbers (similar to range for lists)

In [92): np.arange(8)

ontl92Harray ([0l 273 s N 671l

In [93): np.arange(-10,10,5)
Out[93]: array([-10, -5, 0, 51)

#Use np.linspace get an array of linearly spaced numbers between given endpoints

. e cmllmbale das b e . - —l TR R | P,
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In [25]: #Use np.arange to create arrays containing sequences of numbers (similar to range for lists)

In [92]: np.arange(8)
Out[92]): array([0, 1, 2, 3, 4, 5, &, 7])

In [93): np.arange(-10,10,5)

Out[93): array([-10, =5, 0, 51)

In [26]): #Use np.linspace get an array of linearly spaced numbers between given endpoints

I m[l:lI

The functions size, shape and ndims are available for determining an array's size and dimensionality.

A = np.array( [[4.,4,2], [3,8,10]] )
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Out[92]: array([0, 1, 2, 3, 4, 5, 6, 71)

In [93): np.arange(-10,10,5)

Out[93): array(([-10, -5, 0, 51)

In [26): #Use np.linspace get an array of linearly spaced numbers between given endpoints

In [94): np.linspace(2,10,20) #20 points between 2 and 10

Out[94]: array([ 2. , 2-42105263, 2.84210526, 3.26315789, 3.68421053,
4.10526316, 4.52631579, 4.94736B42, 5.36B42105, 5.78947368,
6.21052632, 6.63157895, 7.05263158, 7.47368421, 7.89473684,

N B.31578947, B.73684211, 9.15789474, 9.57894737, 10. 1)

I The functions size, shape and ndims are available for determining an array's size and dimensionality.

In [27): A = np.array( [[4.,4,2], [3,8,10]] )
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In [26]): #Use np.linspace get an array of linearly spaced numbers between given endpoints

In [94): np.linspace(2,10,20) #20 points between 2 and 10

Out[94): array([ 2. , 2.42105263, 2.84210526, 3.26315789, 3.68421053,
4.10526316, 4.52631579, 4.94736B42, 5.368B42105, 5.78947368,
6.21052632, 6.63157895, 7.05263158, 7.47368421, 7.89473684,
B.31578947, B8.73684211, 9.15789474, 9.57894737, 10. 1)

The functions size, shape and ndims are available for determining an array's size and dimensionality.

In [27): A = np.array( [[4,4,2], [3,8,10]] )
print( A.size )|

4.1. Basic array operations
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4.1. Basic array operations

Arithmetic operators

Arithmetic operators are applied elementwise for arrays.

A_list = [4,5,6]
A_arr = np.array(Allist)

B_list = [10,11,12)
B_arr = np.array(B list)

In [29]: A = np.array([3.2, 4.8, 1.1])
B = np.array([1.2, 10.3, 9.9])

Muth_erpg_!_l_qa_l functions
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4.1. Basic array operations

Arithmetic operators

Arithmetic operators are applied elementwise for arrays.

A_list = [4,5,6]
A_arr = np.array(A_list)

B list = [10,11,12]
B_arr = np.array(B list)

print())

In [29]: A = np.array([3.2, 4.8, 1.1])
B = np.array([l.2, 10.3, 9.9])
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Arithmetic operators

Arithmetic operators are applied elementwise for arrays.

A_list = [4,5,6]
A_arr = np.array(A_list)

B_list = [10,11,12]
B arr = np.array(B_list)

print( A list + B _list )
print( A arr + B_arr )

Ly, Gy G 10, 1l 7k
[14 16 18]

In [29]: A = np.array([3.2, 4.8, 1.1])
B = np.array([l1.2, 10.3, 9.9])
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Mathematical functions

Numpy has several built-in mathematical functions that act elementwise on arrays x, such as:

NumPy function Dascnpllon

np.sqrt(x) elementwise square-root

np.exp(x) slementwise axponential

np.log(x) slementwise natural logarithm

np.abs (x) elernentwise absolute value
np.sin(x) elementwise sine

np.cos (X) elementwise cosine
np.tan(x) elementwise tangent
np.arcsin(x) elementwise inverse sing
np.arccos(x) elementwise inverse cosine

np.arctan(x) elementwise inverse tangent
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In [99]: A_list = [4,5,6]
A_arr = pp.array(A list)

B list = [10,11,12]
B_arr = np.array(D_llist)

print( A_llet + D liat )
print( A _arr + B arr )

'y O O 20y 2kl sleh]
[14 16 18]

In [100]: A = np.array([3.2, 4.8, 1.1])
D= np.urrayl[lfz, 105337 9591

print| A - | )
17dard alal) (gt

Mathematical functions
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In [99]: A_list = [4,5,6]
A _arr = np.array(A_list)

B list = [10,11,12]
B _arr = np.array(B_list)

print( A_list + B list )
print( A _arr + B arr )

(RS RGO L 12]]
[14 16 18]

In [100): A = np.array([3.2, 4.8, 1.1])
B = np.array([l1.2, 10.3, 9.9])

print( A - 1 )
print( A * )

17er) 200 Wealy
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B list = [10,11,12)
B arr = np.array(B_list)

print( A_list + B list )
print( A_arr + B arr )

RS RGO A1 2)]
[14 16 18]

In [101): A = np.array([3.2, 4.8, 1.1])
B = np.array([1.2, 10.3, 9.9])

print( A - 1 )
print( A * B ) |
(252838 R0 1] Helaad

[[ 3.84 49.44 10.§ gpeae

Print..
Cast.
Transiste 19 English

Mathematical functio © s
View Page Source
Numpy has several bu et cal functions that act elementwise on arrays x, such as:
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np.sqri(x) slementwise square-root
np.exp(x) elementwise exponential
np.log(x) elementwise natural logarithm
np.abs(x) slementwise absolute value
np.sin(x) glamentwise sine
np.cos(x) slementwise cosing
np.tan(x) slementwise tangent
np.arcsin(x) elementwise inversa sine
np.arccos(x) elementwise inverse cosine

np.arctan(x) elementwise inverse tangent

In [30]: x = np.array([0.2, 1.2, 0.56, 2.1])

print( np. sq])

Some other useful mathematical functions for mathematics and statistics are:
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Numpy has several built-in mathematical functions that act elementwise on arrays x, such as:

NumPy function Descnptson

np.sqgrt [x) elamun:wma square-root

np.exp(x) elernentwise exponential
np.log(x) slemnentwise natural logarithrm
np.abs(x) slementwise absolute value
np.sin(x) elementwise sine

np.cos (x) elementwise cosina
np.tan(x) elementwise tangent
np.arcsin(x) elementwise inverse sine
np.arccos (x) slementwise inverse cosine

np.arctan(x) elementwise inverse tangent

In [104]: x = np._gx:;ay([ﬂ.z, Warly Mooy, 7ioah))
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np.sum(x) sum of all elements of x

np.sum(x,axis=a) sum of all elements of x over axis a
np.moean(x) arthmetic mean of all elements of x
np.mean(x,axis=a) arithmetic mean of x along axis a

np.std(x) arthmetic mean of all elements of x

np.mean(x,axis=a) anthmetic mean of x along axis a

x = np.array( [[3,5,6], [9,2,=-3] ] )

print( np.sum(x) )|

Exercise: Define a function that will take as input two NumPy arrays of the same size and output the elementwise sum of their
squared elements.
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np. sun(x-) Ay sum n;f all aiumen-t:_uf x
np.sum(x,axis=a) sum of all elernents of x over axis a
np.mean(x) arithmetic mean of all elements of x
np.mean(x,axis=a) arnthmetic mean of x along axis a

np.std(x) arthmetic mean of all elements of x

np.mean (x,axis=a) arithmetic mean of x along axis a

In [107): x = np.array( [[3,5,6]), [9,2,-3] ] )

print( np.sum(x) )
print( np.sum(x, axis=0) )

print( np.mean(x, axis=0) )
22

27|
(6. 3.5 1.5]

Pirsa: 18080024 Page 103/112



. Peagie  Window reib
1 e ————
N T ey ¥ T sd0w 10 pagemeey ¥

7“':_"1 IO prowp e egE s I Sepate ) oyt
Leeacat Jeoe Qoras P husinge [ ety W § PUWR ) ehweces

:.JUPYtET psi2018-2019_programminginpython_template_2 (unsaved changes)
e EM View Inset Cel Kermel  Widgets Help

B + X2 0B 4 % N B C Coe s o

np.sum(x,axia=a) sum of all elements of x over axis a
np.mean(x) arithmetic mean of all elements of x
np.mean(x,axis=a) arthmetic mean of x along axis a

np.std(x) arnthmetic mean of all elements of x

np.mean(x,axis=a) anthmetic mean of x along axis a

In [107]): x = np.array( [[3,5,6], [9,2,=3] ] )

print( np.sum(x) )
print( np.sum(x, axis=0) )

print( np.mean(x, axis=0) )
print( np.mear(x, axis=0) )

22
1) 7 2]
Gs 5 2k
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np.mean(x,axis=a) arithmetic mean of x along axis a

In [109): x = np.array( [[3,5,6], [9,2,-3] ]

print( np.sum(x) )
print( np.sum(x, axis=0) )

print( np.mean(x, axis=0) )

print( np.std(x) )

22

[EL2 7R3 )]

[6. 3.5 1.5]
3.7267799624996494

1
Exercise: Define a function that will take as input two NumPy arrays of the same size and output the elementwise sum of their
squared elements.
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4.2. Random numbers

NumPy offers several functions for generating random numbers and arrays of randorm numbers.

In [33): #Use rand to generate random samples from the uniform distribution over [0,1)

In [34): #Similarly, use randn to generate random samples normal distribution with mean 0 and variance 1

Exercise: Use np. random. rand to generate an array of 10 numbers sampled from the uniform distribution [-1,3)
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4.2. Random numbers

NumPy offers several functions for generating random numbers and arrays of randorm numbers.

In [110): #Use rand to generate random samples from the uniform distribution over [0,1),
print( np.random.rand() )

0.56040033204

—
i

e J

LIn [34): #Similarly, use randn to generate random samples normal distribution with mean 0 and variance 1

Exercise: Use np. random. rand to generate an array of 10 numbers sampled from the uniform distribution [-1,3)
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In [113): #Use rand to generate random samples from the uniform distribution over [0,1)
print( np.random.rand() )
print( np.random.rand(5) )
print( np.random.rand(4,2) )

0.113822818921
[0.90273497 0.11473723 0.70942207 0.06108706 0.73449475]
[[0.12100888 0.70409352]

[0.07289896 0.54196251]

[0.92221933 0.60901518)]

[0.37251586 0.85721873]]

In [34): #Similarly, use randn to generate random samples normal distribution with mean 0 and variance 1
print( np.random.rand(5) )|

Exercise: Use np. random. rand to generate an array of 10 numbers sampled from the uniform distribution [-1.3)
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In [113): #Use rand to generate random samples from the uniform distribution over [0,1)
print( np.random.rand() )
print( np.random.rand(5) )
print( np.random.rand(4,2) )

0.113822818921
[0.90273497 0.11473723 0.70942207 0.06108706 0.73449475]

[[0.12100888 0.70409352]
[0.07289896 0.54196251]
[0.92221933 0.60901518]
[0.37251586 0.85721873]]

In [114): #Similarly, use randn to generate random samples normal distribution with mean 0 and variance 1
print( np.random.randn(6) )

[-1.4711832 -1.84566885 -0.01071054 1.08845182 -0.1370538B4 -1.57067272]

l Exercise: Use np. random. rand to generate an array of 10 numbers sampled from the uniform distribution [-1.3)
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print( np.random.rand() )
print( np.random.rand(5) )
print( np.random.rand(4,2) )

0.113822818921
[0.90273497 0.11473723 0.70942207 0.06108706 0.73449475]
[10.12100888 0.70409352]

[0.07289896 0.54196251)

[0.92221933 0.60901518)

[0.37251586 0.85721873]]

In [114): #Similarly, use randn to generate random samples normal distribution with mean 0 and variance 1
print( np.random.randn(6) )

[-1.4711832 -1.845668B85 -0.01071054 1.08845182 -0.13705384 -1.57067272]

Exercise: Use np.random. rand to generate an array of 10 numbers sampled from the uniform distribution [-1.3)

I In [ ]: np.random.rand(|)
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[0.07289896 0.54196251]
[0.92221933 0.60901518]
[0.37251586 0.85721873])

In [114): #Similarly, use randn to generate random samples normal distribution with mean 0 and variance 1
print( np.random.randn(6) )

[-1.4711832 -1.84566885 -0.01071054 1.0B845182 -0.13705384 -1.57067272]
Exercise: Use np.random. rand to generate an array of 10 numbers sampled from the uniform distribution [-1,3)
In [115]: 4*np.random.rand(10) = 1

Out[115]: ura}'“ 1.01693774, 2.55658B86, 2.52635789, -0.56402356, 1.72309654,
1.77848781, 2.823948B82, 2.97132119, 2.3054067 , -0.89671209])
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In [114): #Similarly, use randn to generate random samples normal distribution with mean 0 and variance 1
print( np.random.randn(6) )

[-1.4711832 -1.84566885 -0.01071054 1.08845182 -0.13705384 -1.57067272]
Exercise: Use np.random. rand to generate an array of 10 numbers sampled from the uniform distribution [-1,3)
In [115]): 4*np.random.rand(10) - 1

Out[115): array([ 1.01693774, 2.556588BB6, 2.52635789, -0.56402356, 1.72309654,
1.77848781, 2.82394882, 2.97132119, 2.3054067 , -0.89671209])

np.random.rand() !
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